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(54) COOLING DEVICE FOR POWER MODULE 

(57)Abstract: <a) 
PROBLEM TO BE SOLVED: To perform miniaturization 
without damaging the cooling performance of a power 
module in an SHEV system. 

SOLUTION: The reflux diode FWD of an inverter 15 on a 
power generator side and the switching element IGBT of 
a motor side inverter 16 are arrayed on one straight line 
on a cooling plate 21 for each phase, and coolant piping 
22 is turned to a meandering structure so as to pass 
through only a part right below the straight array for 
each phase. Thus, the passage length of a coolant flow 
passage is shortened, the number of times of bending 
the flow passage is reduced, power for coolant 
distribution by a cooling pump is reduced, the size of a 
cooling system is reduced, and costs are lowered. (b) 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The switching element and reflux diode of a generator side inverter which change a 
generator output into a direct current power, In the power module which accumulated the 
switching element and reflux diode of a motor side inverter which change the direct current 
power of the aforementioned generator side inverter into ac power, and are supplied to the 
motor for a vehicles drive on the same cooling plate The cooling system of the power module 
characterized by having arranged the reflux diode of the inverter by the side of the 
aforementioned generator, and the switching element of the aforementioned motor side inverter 
on the straight line on the aforementioned cooling plate for every phase, and arranging coolant 
piping along with the aforementioned linear array for every phase. 

[Claim 2] The cooling system of the power module according to claim 1 characterized by having 
arranged the switching element of the aforementioned generator side inverter, and the reflux 
diode of the aforementioned motor side inverter on the straight line on the aforementioned 
cooling plate for every phase, and making thickness for the direct lower part of a linear array 
with the switching element for each [ these ] phase of every and reflux diode in the 
aforementioned cooling plate thicker than other portions. 

[Claim 3] The switching element and reflux diode of a generator side inverter which change a 
generator output into a direct current power, In the power module which accumulated the 
switching element and reflux diode of a motor side inverter which change the direct current 
power of the aforementioned generator side inverter into ac power, and are supplied to the 
motor for a vehicles drive on the same cooling plate The reflux diode of the inverter by the side 
of the aforementioned generator and the switching element of the aforementioned motor side 
inverter are arranged on the 1st [ on the aforementioned cooling plate ] straight line for every 
phase. The switching element of the aforementioned generator side inverter, and the reflux diode 
of the aforementioned motor side inverter for every phase Arrange on the 2nd straight line which 
is concurrent with the 1 st straight line of the above on the aforementioned cooling plate, and 
coolant piping is arranged along with the 1st linear array of the above for every phase. The 
cooling system of the power module which makes thickness for the direct lower part of the linear 
array of the above 2nd for every phase in the aforementioned cooling plate thicker than other 
portions, and is characterized by forming the slot which enlarges thermal resistance at the both 
sides of the thick portion concerned. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the cooling system of a 

power module. 

[0002] 

[Description of the Prior Art] A switching element and reflux diode are constructed to a bridge 
for every phase, and what was indicated by JP,9-92762,A is conventionally known as a cooling 
system of the power module which cools a power semiconductor device in the power module 
which has arranged the bridge of a total phase on the same substrate. 
[0003] The cooling system of this conventional power module forms direct passage in the 
interior of the metal substrate of the bottom near each power semiconductor device, and it 
miniaturizes the size of the whole power module while raising refrigeration capacity by passing a 
coolant to the passage. 
[0004] 

[Problem(s) to be Solved by the Invention] it is possible to apply as a cooling system of the 
power semiconductor device of the inverter portion of the SHIRIZUHAIBURIDDO vehicle 
("SHEV" is called hereafter.) which consists of motors for a vehicles drive by which a rotation 
drive is carried out with the ac power which the generator [ AC generator ] side inverter which 
changes this Prior art and changes this generator output into a direct current power, for 
example, the motor side inverter which carries out the reconversion of the direct current power 
of this generator side inverter to ac power, and this motor side inverter output, and it shows this 
to drawing 5 

[0005] In the cooling system of this power module, a generator side inverter (INV), IGBT as a 
switching element of each phase of each motor side inverter (INV) is arranged in a straight line 
on the cooling substrate 1 . The reflux diode (fly wheel diode : FWD) of the generator side INV 
and each of each phase by the side of [ INV ] a motor moreover, on the cooling substrate 1 It is 
the structure which is made concurrent with the array of IGBT, arranges in a straight line, one 
cooling water way 2 is made to wind, and arranges so that it may pass near directly under [ of 
each array of the cooling substrate 1 ], is made to carry out conduction of the cooling water 3 
with the cooling pump 4 as a coolant into this cooling water way 2, and carries out a heat 
removal with the external heat exchanger 5. 

[0006] However, like especially SHEV, with the inverter equipment for large power with large 
loss, when the heat from a power semiconductor device tends to be diffused and extended and it 
is going to lower thermal resistance, the superficial interval of the increase of thickness and 
each semiconductor device of the metal cooling substrate 1 is needed, and there is a possibility 
that the whole equipment may be enlarged. 

[0007] Then, in order to make thickness of the cooling substrate 1 thin as much as possible and 
to cool each semiconductor device on the average, as shown in above-mentioned drawin g 5 and 
above-mentioned drawin g 6 , the cooling water way 2 will be formed directly under each 
semiconductor device, and the heat from a semiconductor device will be directly made into the 
structure which radiates heat to the cooling water 3 in the cooling water way 2. 
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[0008] Also in the structure of such a cooling system, although the bore of the cooling water 
way 2 must be made small for the miniaturization of equipment, if the cooling water way 2 of 
such a diameter of a narrow is formed directly under many semiconductor devices, the whole 
cooling water way length becomes long, system-pressure loss increases, a cooling water pump 
will be enlarged and the power which drives the cooling water pump of a parenthesis will also 
increase. 

[0009] Moreover, if cooling water piping 2 is made to move in a zigzag direction repeatedly as 
shown in drawing 5 and drawin g 6 , the amount of elbow will also increase [ pressure loss ]. 
Therefore, although the number of times of a knee of the cooling water way 2 has the fewer 
possible desirable one, if it is going to let cooling water piping pass directly under all 
semiconductor devices for a modular miniaturization, the amount of [ many ] elbow can do and it 
will cause increase of pressure loss. 

[0010] this invention aims at offering the cooling system of the power module which can attain a 
miniaturization, without having been made in view of such a Prior-art-technical problem, and 
spoiling a cooling performance. 
[0011] 

[Means for Solving the Problem] The cooling system of the power module of invention of a claim 
1 The switching element and reflux diode of a generator side inverter which change a generator 
output into a direct current power, In the power module which accumulated the switching 
element and reflux diode of a motor side inverter which change the direct current power of the 
aforementioned generator side inverter into ac power, and are supplied to the motor for a 
vehicles drive on the same cooling plate The reflux diode of the inverter by the side of the 
aforementioned generator and the switching element of the aforementioned motor side inverter 
are arranged on the straight line on the aforementioned cooling plate for every phase, and it is 
characterized by arranging coolant piping along with the aforementioned straight line for every 
phase. 

[0012] In the cooling system of the power module of a claim 1, invention of a claim 2 arranges 
the switching element of the aforementioned generator side inverter, and the reflux diode of the 
aforementioned motor side inverter on the straight line on the aforementioned cooling plate for 
every phase, and is characterized by making thickness for the direct lower part of a linear array 
with the switching element for each [ these ] phase of every and reflux diode in the 
aforementioned cooling plate thicker than other portions. 

[0013] The cooling system of the power module of invention of a claim 3 The switching element 
and reflux diode of a generator side inverter which change a generator output into a direct 
current power, In the power module which accumulated the switching element and reflux diode of 
a motor side inverter which change the direct current power of the aforementioned generator 
side inverter into ac power, and are supplied to the motor for a vehicles drive on the same 
cooling plate The reflux diode of the inverter by the side of the aforementioned generator and 
the switching element of the aforementioned motor side inverter are arranged on the 1 st [ on 
the aforementioned cooling plate ] straight line for every phase. The switching element of the 
aforementioned generator side inverter, and the reflux diode of the aforementioned motor side 
inverter for every phase Arrange on the 2nd straight line which is concurrent with the 1st 
straight line of the above on the aforementioned cooling plate, and coolant piping is arranged 
along with the 1 st linear array of the above for every phase. Thickness for the direct lower part 
of the linear array of the above 2nd for every phase in the aforementioned cooling plate is made 
thicker than other portions, and it is characterized by forming the slot which enlarges thermal 
resistance at the both sides of the heavy-gage portion concerned. 
[0014] 

[Effect of the Invention] In the cooling system of the power module of invention of a claim 1 By 
arranging the reflux diode of the inverter by the side of a generator, and the switching element of 
a motor side inverter on the straight line on a cooling plate for every phase, and making it the 
structure where coolant piping was arranged along with the aforementioned linear array for every 
phase The way length of coolant passage can be shortened, and the number of times of a knee 
of passage can be lessened, power for coolant conduction with a cooling pump is made small, 
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size of a cooling system is made small, and reduction of cost can be aimed at. 
[0015] In the cooling system of the power module of invention of a claim 2 In addition to the 
effect of the invention of a claim 1, the switching element of a generator side inverter and the 
reflux diode of a motor side inverter are arranged on the straight line on a cooling plate for every 
phase. By having made thickness for the direct lower part of a linear array with the switching 
element for each [ these ] phase of every and reflux diode in a cooling plate thicker than other 
portions, the heat capacity for those array direct lower parts can be enlarged, and the 
temperature rise of those semiconductor devices can be stopped low. 

[0016] In the cooling system of the power module of invention of a claim 3 The reflux diode of 
the inverter by the side of a generator and the switching element of a motor side inverter are 
arranged on the 1st [ on a cooling plate ] straight line for every phase. The switching element of 
a generator side inverter, and the reflux diode of a motor side inverter for every phase Arrange 
on the 2nd straight line which is concurrent with the 1st straight line on a cooling plate, and 
coolant piping is arranged along with the 1st linear array for every phase. By having made 
thickness for the direct lower part of the linear array of the 2nd for every phase in a cooling 
plate thicker than other portions, and having formed in the both sides of the heavy-gage portion 
concerned the slot which enlarges thermal resistance Things are made, invention of a claim 1, 
and the effect of the invention of a claim 2 — in addition, the heat for the direct lower part of 
the 2nd linear array is not conducted into a coolant piping portion by the slot — as — ****** - 
- The refrigeration capacity of a coolant piping portion can be set as the degree of necessary 
minimum, consequently power of a cooling pump can be made small, size of a cooling system can 
be made small, and equipment cost can be reduced. 
[0017] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained in 
full detail based on drawing. First, a series hybrid electric vehicle (SHEV) is explained with 
reference to drawing 1 . SHEV drives AC generator 13 by ICE1 1 rather than drives the direct 
tire 12 with an internal combustion engine (ICE) like a gasoline engine, drives a motor 14 by the 
generated output of this generator 13, and drives a tire 12 by this motor 14. 
[0018] And in order to change the alternating current generated output of a generator 13 into 
the direct current power of a constant voltage and to change into desired ac power again, the 
generator side inverter (INV) 15 and the motor side inverter (INV) 16 are formed. In addition, 19 
is a smoothing capacitor. 

[0019] In order that the these generators and motor side [ INV16 ] INV15 may all perform the 
interconversion of a three-phase-circuit ac and dc, it is equipped with the bridge circuit of IGBT 
and reflux diode (fly wheel diode : FWD) as a power switching element for U, V, and W each 
phase of every, and converts the power of a request by carrying out PWM switching control of 
these IGBT(s). 

[0020] Since such a SHEV system becomes possible [ not needing the conventional mechanical 
change gear and also operating ICE1 1 efficiently only for power generation ], it has various 
merits, such as improvement in mpg, and improvement in the flexibility of an equipment layout. 
[0021] If the operation situation of a SHEV system is considered here, although it will become 
the flow of electrical energy called a power generation -> drive regularly, in order that a 
generator 13 and a motor 14 may generally perform an efficient operation control, the power- 
factor serves as operation near 1 by -1 and the motor 14 with the generator 13. Although 
inverters 15 and 16 usually consist of a power switching element like IGBT, and parallel 
connection of FWD, a power-factor is [ the remarkable rate of a power loss ] the portion of FWD 
in the -1 (power generation) state, and a power-factor breaks out in the one (drive) state 
conversely in the portion of a switching element [ like IGBT ] whose remarkable rate of a power 
loss is. And although this rate changes with the values of IGBT, the switching loss of FWD, and 
regular loss, when usage whose switching loss is quite lower than regular loss is carried out, it 
becomes remarkable [ the difference ]. 

[0022] The PWM carrier frequency of the inverter 16 which generally drives the motor 14 for 
vehicles is several kHz - about 10kHz, a switching loss is in a few state in many cases compared 
with regular loss, and, in such a case, the difference of the power consumed between IGBT and 
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FWD becomes large. Therefore, when steady operation is taken into consideration, within the 
same inverter 1 6, the need for cooling [ FWD ] of the IGBT is large. 
[0023] Contrary to steady operation, operation in case power energy flows is taken into 
consideration. For example, in order to start ICE1 1, the case where a generator 13 is driven as a 
motor, and the case where a motor 14 is used instead of a generator as regeneration operation 
for storing slowdown energy in a cell etc. are equivalent to this. In this case, the power-factor of 
each inverters 15 and 16 becomes the opposite of the time of steady operation, a power-factor 
becomes about one, a power loss will mainly be generated in IGBT, in the motor side INV16, a 
power-factor becomes about -one and a power loss will mainly be generated by FWD at the 
generator side INV15. Therefore, considering cooling in this case, it is necessary to mainly cool 
IGBT in the generator side INV15, and to mainly cool FWD in the motor side INV16. 
[0024] However, such reverse operation is not regularly generated in a SHEV system. For 
example, it is easy to design time to supply [ to use a generator 13 as a drive motor, in order to 
start ICE1 1, and ] a maximum current at 1 or less second, and it is easy on control for 
regeneration operation using a motor 1 4 as a generator to also stop the peak current of 
regeneration, and to shorten duration very much. 

[0025] If the peculiarity of such a SHEV system is taken into consideration, maximum-power 
loss will occur regularly and it will become possible by so carrying out conduction of the coolant 
near directly under [ of it ] to a power semiconductor device with remarkable generation of heat 
to design a cooling system so that neither of the skin temperatures of the semiconductor 
devices may exceed Tjmax (the maximum temperature of junction) by cooling intensively. 
[0026] in this case, what is necessary is just to make it the cooling structure which a longitudinal 
direction is made to heat-transfer to the place of the element by making the element with which 
maximum-power loss is comparatively alike, and does not cool by the coolant directly about a 
small element, but is intensively cooled by the conduction of a coolant adjoin Although thermal 
resistance will become high by it, since maximum-power loss is originally small, it is possible to 
stop Tjmax uniformly. Moreover, even when maximum-power loss of the semiconductor device in 
which coolant passage does not exist near directly under is of the same grade as the 
semiconductor device in which it exists near directly under, the design which holds down the 
temperature rise of a semiconductor device to below Tjmax with the heat capacity of the metal 
substrate directly under a semiconductor device itself for the reason mentioned above since it is 
an ultrashort potato is possible for the duration in the state where maximum-power loss occurs. 
[0027] Based on this consideration, the cooling system of the power module of the gestalt of 
operation of the 1st of this invention was made into the structure shown in drawing 2 . Namely, 
IGBT and reflux diode (FWD) as a power switching element of U [ by the side of / INV15 / the 
generator which changes the dc output of AC generator 1 3 into a direct current power ], V, and 
W each phase, As opposed to the power module which accumulated IGBT of each phase by the 
side of [ INV16 ] the motor which carries out the reconversion of the direct current power by 
the side of [ INV15 ] a generator to ac power, and is supplied to the motor 15 for a vehicles 
drive, and FWD on the same cooling substrate 21 FWD by the side of [ INV15 ] a generator and 
IGBT by the side of [ INV16 ] a motor are arranged on the 1st [ on the cooling substrate 21 ] 
straight line for U, V, and W each phase of every, and it is made to move in a zigzag direction so 
that it may pass only along a part for the direct lower part of the 1st linear array of the cooling 
water way 22 which carries out conduction of the cooling water which is a coolant for every 
phase. And it connects with a heat exchanger 5 like the conventional example shown in drawin g 
5 , and this cooling water way 22 carries out conduction of the cooling water with the cooling 
pump 4. 

[0028] In addition, the remaining power semiconductor devices, i.e., IGBT by the side of [ INV15 ] 
a generator and FWD by the side of [ INV16 ] a motor, are arranged on the 2nd straight line 
which is concurrent with the 1st straight line on the cooling substrate 21 for every phase. 
[0029] Since the number of times of the knee of the cooling water way 22 decreases to 2 times 
(counting with 1 time at 180 degrees) from 5 times and way length's is decreasing to the half 
mostly by this as compared with the cooling water way 2 of the conventional example shown in 
drawin g 5 and drawin g 6 , the pressure loss of a cooling pump falls and the miniaturization of a 
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pump is attained so. 

[0030] The calculation result supposing the relation between pressure loss and a flow rate is 
more concretely shown in the graph of drawin g 3 . The cooling water way equivalent to the 
conventional example which made five pieces the number of parts of the elbow at which width of 
face of 12mm, a height of 6mm, and way length turn at 1482mm and 180 degrees by making a 
passage cross section into the shape of a rectangle (1), The result which asked for the relation 
between a flow rate and a pressure loss about the cooling water way (2) which made way length 
the half length (741mm = 1482mm/2) like the gestalt of this operation, and made the number of 
parts of an elbow two pieces is the graph of drawing 3 . A bird clapper understands a pressure 
loss mostly by the cooling water way of the gestalt of this operation at a half so that clearly 
from the graph of this drawin g 3 . 

[0031] The temperature rise by the heat which the flow in piping of cooling water became 
smooth, and the heat-removal performance improved so much by this, and the cooling water of a 
under [ piping ] absorbed will also be stopped, and absorption of the heat from a semiconductor 
device can also be performed so much effectively. 

[0032] Next, the gestalt of operation of the 2nd of this invention is explained based on drawing 
4 . The gestalt of the 2nd operation uses as a heavy-gage part 23 a part for the direct lower part 
of the linear array of the 2nd of a power semiconductor device [ in / the cooling substrate 21 / 
further / to the structure of the gestalt of the 1 st operation ] to which it was shown in drawin g 
2 , and is characterized by forming the slot 24 for raising thermal resistance to the both sides. In 
addition, arrangement of the cooling water way 22 is the same as that of the gestalt of the 1st 
operation. 

[0033] Generation of heat of the power semiconductor device on the 2nd linear array which was 
shown in drawin g 2 and in which the cooling water way 22 is not established with the structure 
of the gestalt of the 1st operation is comparatively large, and when there is a possibility that 
duration may be long and may exceed the maximum temperature Tjmax of junction, it is made 
the structure of the gestalt of this 2nd operation. 

[0034] Thus, when the cooling water way 22 enlarges the heat capacity to the semiconductor 
device on the 2nd linear array which is not formed near directly under by the heavy-gage part 
23, even if time for a power loss to continue somewhat becomes long, it is possible to suppress 
elevation of element temperature. 

[0035] Moreover, by forming a slot 24 between the 2nd linear array in the cooling substrate 21, 
and the 1st linear array which is concurrent with this, lateral thermal resistance can be enlarged 
and decline in the efficiency-heat transfer rate in the cooling water way 22 can be prevented. 
[0036] That is, although parameters, such as a minimum flow rate of the cooling water which 
should be poured in a channel, and a pressure loss to generate, are decided only in order to stop 
the temperature rise of the semiconductor device which should radiate heat on the cooling water 
way 22 by Tjmax, if the thermal resistance of the longitudinal direction of the cooling substrate 
21 is low on structure when the approaching semiconductor device generates heat, the invasion 
of a heat flow rate on the cooling water way 22 from a longitudinal direction will arise, and the 
case where it must stop having to perform a heat exchange on the and — in order to correspond 
to this — the heat transfer rate in the cooling water way 22 — excessive — it must raise — a 
setting flow rate and a pressure loss — not increasing — finally it will be necessary to obtain 
but to increase cooling pumping power, and the cost of a cooling system will go up as the result, 
and size will also become large 

[0037] However, if it is made the structure which enlarges lateral thermal resistance and 
prevents decline in the efficiency-heat transfer rate in the cooling water way 22 by forming a 
slot 24 like the gestalt of this operation, the invasion of a heat flow rate on the cooling water 
way 22 from a longitudinal direction can be suppressed, and the problem mentioned above can be 
avoided. 

[0038] In addition, with the gestalt of operation mentioned above, although the power module of 
a three-phase-circuit alternating current was explained, not only a three phase circuit but when 
it uses for example, for two phases, the same effect is brought about. 

[0039] Moreover, although it was made to make one cooling water way wind, after the cooling 
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water way where one cooling water way was distributed by the cooling pump side (entrance 
side), and was each distributed passes along a part for the direct lower part of the in-line 
arrangement for every phase by the gestalt of operation mentioned above, it is collected and 
delivered, and you may make it return to a heat exchanger. Moreover, it may be directly 
collected and delivered with a heat exchanger in this case. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the cooling system of a 
power module. 



[Translation done.] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgLejje 



2003/12/03 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] A switching element and reflux diode are constructed to a bridge 
for every phase, and what was indicated by JP,9~92762,A is conventionally known as a cooling 
system of the power module which cools a power semiconductor device in the power module 
which has arranged the bridge of a total phase on the same substrate. 
[0003] The cooling system of this conventional power module forms direct passage in the 
interior of the metal substrate of the bottom near each power semiconductor device, and it 
miniaturizes the size of the whole power module while raising refrigeration capacity by passing a 
coolant to the passage. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the cooling system of the power module of invention of a claim 1 By 
arranging the reflux diode of the inverter by the side of a generator, and the switching element of 
a motor side inverter on the straight line on a cooling plate for every phase, and making it the 
structure where coolant piping was arranged along with the aforementioned linear array for every 
phase The way length of coolant passage can be shortened, and the number of times of a knee 
of passage can be lessened, power for coolant conduction with a cooling pump is made small, 
size of a cooling system is made small, and reduction of cost can be aimed at. 
[0015] In the cooling system of the power module of invention of a claim 2 In addition to the 
effect of the invention of a claim 1 , the switching element of a generator side inverter and the 
reflux diode of a motor side inverter are arranged on the straight line on a cooling plate for every 
phase. By having made thickness for the direct lower part of a linear array with the switching 
element for each [ these ] phase of every and reflux diode in a cooling plate thicker than other 
portions, the heat capacity for those array direct lower parts can be enlarged, and the 
temperature rise of those semiconductor devices can be stopped low. 

[001 6] In the cooling system of the power module of invention of a claim 3 The reflux diode of 
the inverter by the side of a generator and the switching element of a motor side inverter are 
arranged on the 1st [ on a cooling plate ] straight line for every phase. The switching element of 
a generator side inverter, and the reflux diode of a motor side inverter for every phase Arrange 
on the 2nd straight line which is concurrent with the 1st straight line on a cooling plate, and 
coolant piping is arranged along with the 1st linear array for every phase. By having made 
thickness for the direct lower part of the linear array of the 2nd for every phase in a cooling 
plate thicker than other portions, and having formed in the both sides of the heavy-gage portion 
concerned the slot which enlarges thermal resistance Things are made, invention of a claim 1, 
and the effect of the invention of a claim 2 — in addition, the heat for the direct lower part of 
the 2nd linear array is not conducted into a coolant piping portion by the slot — as — ****** - 
- The refrigeration capacity of a coolant piping portion can be set as the degree of necessary 
minimum, consequently power of a cooling pump can be made small, size of a cooling system can 
be made small, and equipment cost can be reduced. 
[0017] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained in 
full detail based on drawing. First, a series hybrid electric vehicle (SHEV) is explained with 
reference to drawing 1 . SHEV drives AC generator 13 by ICE1 1 rather than drives the direct 
tire 12 with an internal combustion engine (ICE) like a gasoline engine, drives a motor 14 by the 
generated output of this generator 13, and drives a tire 12 by this motor 14. 
[0018] And in order to change the alternating current generated output of a generator 13 into 
the direct current power of a constant voltage and to change into desired ac power again, the 
generator side inverter (INV) 15 and the motor side inverter (INV) 16 are formed. In addition, 19 
is a smoothing capacitor. 

[0019] In order that the these generators and motor side [ INV16 ] INV15 may all perform the 
interconversion of a three-phase-circuit ac and dc, it is equipped with the bridge circuit of IGBT 
and reflux diode (fly wheel diode : FWD) as a power switching element for U, V, and W each 
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phase of every, and converts the power of a request by carrying out PWM switching control of 
these IGBT(s). 

[0020] Since such a SHEV system becomes possible [ not needing the conventional mechanical 
change gear and also operating ICE1 1 efficiently only for power generation ], it has various 
merits, such as improvement in mpg, and improvement in the flexibility of an equipment layout. 
[0021] If the operation situation of a SHEV system is considered here, although it will become 
the flow of electrical energy called a power generation -> drive regularly, in order that a 
generator 13 and a motor 14 may generally perform an efficient operation control, the power- 
factor serves as operation near 1 by -1 and the motor 14 with the generator 13. Although 
inverters 15 and 16 usually consist of a power switching element like IGBT, and parallel 
connection of FWD, a power-factor is [ the remarkable rate of a power loss ] the portion of FWD 
in the -1 (power generation) state, and a power-factor breaks out in the one (drive) state 
conversely in the portion of a switching element [ like IGBT ] whose remarkable rate of a power 
loss is. And although this rate changes with the values of IGBT, the switching loss of FWD, and 
regular loss, when usage whose switching loss is quite lower than regular loss is carried out, it 
becomes remarkable [ the difference ]. 

[0022] The PWM carrier frequency of the inverter 16 which generally drives the motor 14 for 
vehicles is several kHz - about 10kHz, a switching loss is in a few state in many cases compared 
with regular loss, and, in such a case, the difference of the power consumed between IGBT and 
FWD becomes large. Therefore, when steady operation is taken into consideration, within the 
same inverter 16, the need for cooling [ FWD ] of the IGBT is large. 
[0023] Contrary to steady operation, operation in case power energy flows is taken into 
consideration. For example, in order to start ICE1 1, the case where a generator 13 is driven as a 
motor, and the case where a motor 1 4 is used instead of a generator as regeneration operation 
for storing slowdown energy in a cell etc. are equivalent to this. In this case, the power-factor of 
each inverters 1 5 and 1 6 becomes the opposite of the time of steady operation, a power-factor 
becomes about one, a power loss will mainly be generated in IGBT, in the motor side INV16, a 
power-factor becomes about -one and a power loss will mainly be generated by FWD at the 
generator side INV15. Therefore, considering cooling in this case, it is necessary to mainly cool 
IGBT in the generator side INV15, and to mainly cool FWD in the motor side INV16. 
[0024] However, such reverse operation is not regularly generated in a SHEV system. For 
example, it is easy to design time to supply [ to use a generator 13 as a drive motor, in order to 
start ICE1 1, and ] a maximum current at 1 or less second, and it is easy on control for 
regeneration operation using a motor 14 as a generator to also stop the peak current of 
regeneration, and to shorten duration very much. 

[0025] If the peculiarity of such a SHEV system is taken into consideration, maximum-power 
loss will occur regularly and it will become possible by so carrying out conduction of the coolant 
near directly under [ of it ] to a power semiconductor device with remarkable generation of heat 
to design a cooling system so that neither of the skin temperatures of the semiconductor 
devices may exceed Tjmax (the maximum temperature of junction) by cooling intensively. 
[0026] in this case, what is necessary is just to make it the cooling structure which a longitudinal 
direction is made to heat-transfer to the place of the element by making the element with which 
maximum-power loss is comparatively alike, and does not cool by the coolant directly about a 
small element, but is intensively cooled by the conduction of a coolant adjoin Although thermal 
resistance will become high by it, since maximum-power loss is originally small, it is possible to 
stop Tjmax uniformly. Moreover, even when maximum-power loss of the semiconductor device in 
which coolant passage does not exist near directly under is of the same grade as the 
semiconductor device in which it exists near directly under, the design which holds down the 
temperature rise of a semiconductor device to below Tjmax with the heat capacity of the metal 
substrate directly under a semiconductor device itself for the reason mentioned above since it is 
an ultrashort potato is possible for the duration in the state where maximum-power loss occurs. 
[0027] Based on this consideration, the cooling system of the power module of the gestalt of 
operation of the 1st of this invention was made into the structure shown in drawin g 2 . Namely, 
IGBT and reflux diode (FWD) as a power switching element of U [ by the side of / INV15 / the 
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generator which changes the dc output of AC generator 13 into a direct current power ], V, and 
W each phase, As opposed to the power module which accumulated IGBT of each phase by the 
side of [ INV16 ] the motor which carries out the reconversion of the direct current power by 
the side of [ INV15 ] a generator to ac power, and is supplied to the motor 15 for a vehicles 
drive, and FWD on the same cooling substrate 21 FWD by the side of [ INV15 ] a generator and 
IGBT by the side of [ INV16 ] a motor are arranged on the 1st [ on the cooling substrate 21 ] 
straight line for U, V, and W each phase of every, and it is made to move in a zigzag direction so 
that it may pass only along a part for the direct lower part of the 1st linear array of the cooling 
water way 22 which carries out conduction of the cooling water which is a coolant for every 
phase. And it connects with a heat exchanger 5 like the conventional example shown in drawin g 
5 , and this cooling water way 22 carries out conduction of the cooling water with the cooling 
pump 4. 

[0028] In addition, the remaining power semiconductor devices, i.e., IGBT by the side of [ INV15 ] 
a generator and FWD by the side of [ INV16 ] a motor, are arranged on the 2nd straight line 
which is concurrent with the 1st straight line on the cooling substrate 21 for every phase. 
[0029] Since the number of times of the knee of the cooling water way 22 decreases to 2 times 
(counting with 1 time at 180 degrees) from 5 times and way length's is decreasing to the half 
mostly by this as compared with the cooling water way 2 of the conventional example shown in 
drawing 5 and drawing 6 , the pressure loss of a cooling pump falls and the miniaturization of a 
pump is attained so. 

[0030] The calculation result supposing the relation between pressure loss and a flow rate is 
more concretely shown in the graph of drawing 3 . The cooling water way equivalent to the 
conventional example which made five pieces the number of parts of the elbow at which width of 
face of 12mm, a height of 6mm, and way length turn at 1482mm and 180 degrees by making a 
passage cross section into the shape of a rectangle (1), The result which asked for the relation 
between a flow rate and a pressure loss about the cooling water way (2) which made way length 
the half length (741mm = 1482mm/2) like the gestalt of this operation, and made the number of 
parts of an elbow two pieces is the graph of drawing 3 . A bird clapper understands a pressure 
loss mostly by the cooling water way of the gestalt of this operation at a half so that clearly 
from the graph of this drawin g 3 . 

[0031] The temperature rise by the heat which the flow in piping of cooling water became 
smooth, and the heat-removal performance improved so much by this, and the cooling water of a 
under [ piping ] absorbed will also be stopped, and absorption of the heat from a semiconductor 
device can also be performed so much effectively. 

[0032] Next, the gestalt of operation of the 2nd of this invention is explained based on drawing 
4 . The gestalt of the 2nd operation uses as a heavy-gage part 23 a part for the direct lower part 
of the linear array of the 2nd of a power semiconductor device [ in / the cooling substrate 21 / 
further / to the structure of the gestalt of the 1 st operation ] to which it was shown in drawing 
2 , and is characterized by forming the slot 24 for raising thermal resistance to the both sides. In 
addition, arrangement of the cooling water way 22 is the same as that of the gestalt of the 1st 
operation. 

[0033] Generation of heat of the power semiconductor device on the 2nd linear array which was 
shown in drawing 2 and in which the cooling water way 22 is not established with the structure 
of the gestalt of the 1st operation is comparatively large, and when there is a possibility that 
duration may be long and may exceed the maximum temperature Tjmax of junction, it is made 
the structure of the gestalt of this 2nd operation. 

[0034] Thus, when the cooling water way 22 enlarges the heat capacity to the semiconductor 
device on the 2nd linear array which is not formed near directly under by the heavy-gage part 
23, even if time for a power loss to continue somewhat becomes long, it is possible to suppress 
elevation of element temperature. 

[0035] Moreover, by forming a slot 24 between the 2nd linear array in the cooling substrate 21, 
and the 1st linear array which is concurrent with this, lateral thermal resistance can be enlarged 
and decline in the efficiency-heat transfer rate in the cooling water way 22 can be prevented. 
[0036] That is, although parameters, such as a minimum flow rate of the cooling water which 
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should be poured in a channel, and a pressure loss to generate, are decided only in order to stop 
the temperature rise of the semiconductor device which should radiate heat on the cooling water 
way 22 by Tjmax, when the approaching semiconductor device generates heat, the case where 
the invasion of a heat flow rate on the cooling water way 22 from a structure top low and a 
longitudinal direction arises, and the thermal resistance of the longitudinal direction of the 
cooling substrate 21 must stop having to perform a heat exchange on the cooling water way and 
— in order to correspond to this — the heat transfer rate in the cooling water way 22 — 
excessive — it must raise — a setting flow rate and a pressure loss — not increasing — finally 
it will be necessary to obtain but to increase cooling pumping power, and the cost of a cooling 
system will go up as the result, and size will also become large 

[0037] However, if it is made the structure which enlarges lateral thermal resistance and 
prevents decline in the efficiency-heat transfer rate in the cooling water way 22 by forming a 
slot 24 like the gestalt of this operation, the invasion of a heat flow rate on the cooling water 
way 22 from a longitudinal direction can be suppressed, and the problem mentioned above can be 
avoided. 

[0038] In addition, with the gestalt of operation mentioned above, although the power module of 
a three-phase-circuit alternating current was explained, not only a three phase circuit but when 
it uses for example, for two phases, the same effect is brought about. 

[0039] Moreover, although it was made to make one cooling water way wind, after the cooling 
water way where one cooling water way was distributed by the cooling pump side (entrance 
side), and was each distributed passes along a part for the direct lower part of the in-line 
arrangement for every phase by the gestalt of operation mentioned above, it is collected and 
delivered, and you may make it return to a heat exchanger. Moreover, it may be directly 
collected and delivered with a heat exchanger in this case. 
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precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] it is possible to apply as a cooling system of the 
power semiconductor device of the inverter portion of the SHIRIZUHAIBURIDDO vehicle 
("SHEV" is called hereafter.) which consists of motors for a vehicles drive by which a rotation 
drive is carried out with the ac power which the generator [ AC generator ] side inverter which 
changes this Prior art and changes this generator output into a direct current power, for 
example, the motor side inverter which carries out the reconversion of the direct current power 
of this generator side inverter to ac power, and this motor side inverter output, and it shows this 
to drawing 5 

[0005] In the cooling system of this power module, a generator side inverter (INV), IGBT as a 
switching element of each phase of each motor side inverter (INV) is arranged in a straight line 
on the cooling substrate 1. The reflux diode (fly wheel diode : FWD) of the generator side INV 
and each of each phase by the side of [ INV ] a motor moreover, on the cooling substrate 1 It is 
the structure which is made concurrent with the array of IGBT, arranges in a straight line, one 
cooling water way 2 is made to wind, and arranges so that it may pass near directly under [ of 
each array of the cooling substrate 1 ], is made to carry out conduction of the cooling water 3 
with the cooling pump 4 as a coolant into this cooling water way 2, and carries out a heat 
removal with the external heat exchanger 5. 

[0006] However, like especially SHEV, with the inverter equipment for large power with large 
loss, when the heat from a power semiconductor device tends to be diffused and extended and it 
is going to lower thermal resistance, the superficial interval of the increase of thickness and 
each semiconductor device of the metal cooling substrate 1 is needed, and there is a possibility 
that the whole equipment may be enlarged. 

[0007] Then, in order to make thickness of the cooling substrate 1 thin as much as possible and 
to cool each semiconductor device on the average, as shown in above-mentioned drawing 5 and 
above-mentioned drawing 6 , the cooling water way 2 will be formed directly under each 
semiconductor device, and the heat from a semiconductor device will be directly made into the 
structure which radiates heat to the cooling water 3 in the cooling water way 2. 
[0008] Also in the structure of such a cooling system, although the bore of the cooling water 
way 2 must be made small for the miniaturization of equipment, if the cooling water way 2 of 
such a diameter of a narrow is formed directly under many semiconductor devices, the whole 
cooling water way length becomes long, system-pressure loss increases, a cooling water pump 
will be enlarged and the power which drives the cooling water pump of a parenthesis will also 
increase. 

[0009] Moreover, if cooling water piping 2 is made to move in a zigzag direction repeatedly as 
shown in drawin g 5 and drawin g 6 , the amount of elbow will also increase [ pressure loss ]. 
Therefore, although the number of times of a knee of the cooling water way 2 has the fewer 
possible desirable one, if it is going to let cooling water piping pass directly under all 
semiconductor devices for a modular miniaturization, the amount of [ many ] elbow can do and it 
will cause increase of pressure loss. 

[0010] this invention aims at offering the cooling system of the power module which can attain a 
miniaturization, without having been made in view of such a Prior-art-technical problem, and 
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spoiling a cooling performance. 
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MEANS 



[Means for Solving the Problem] The cooling system of the power module of invention of a claim 
1 The switching element and reflux diode of a generator side inverter which change a generator 
output into a direct current power, In the power module which accumulated the switching 
element and reflux diode of a motor side inverter which change the direct current power of the 
aforementioned generator side inverter into ac power, and are supplied to the motor for a 
vehicles drive on the same cooling plate The reflux diode of the inverter by the side of the 
aforementioned generator and the switching element of the aforementioned motor side inverter 
are arranged on the straight line on the aforementioned cooling plate for every phase, and it is 
characterized by arranging coolant piping along with the aforementioned straight line for every 
phase. 

[0012] In the cooling system of the power module of a claim 1, invention of a claim 2 arranges 
the switching element of the aforementioned generator side inverter, and the reflux diode of the 
aforementioned motor side inverter on the straight line on the aforementioned cooling plate for 
every phase, and is characterized by making thickness for the direct lower part of a linear array 
with the switching element for each [ these ] phase of every and reflux diode in the 
aforementioned cooling plate thicker than other portions. 

[0013] The cooling system of the power module of invention of a claim 3 The switching element 
and reflux diode of a generator side inverter which change a generator output into a direct 
current power, In the power module which accumulated the switching element and reflux diode of 
a motor side inverter which change the direct current power of the aforementioned generator 
side inverter into ac power, and are supplied to the motor for a vehicles drive on the same 
cooling plate The reflux diode of the inverter by the side of the aforementioned generator and 
the switching element of the aforementioned motor side inverter are arranged on the 1st [ on 
the aforementioned cooling plate ] straight line for every phase. The switching element of the 
aforementioned generator side inverter, and the reflux diode of the aforementioned motor side 
inverter for every phase Arrange on the 2nd straight line which is concurrent with the 1st 
straight line of the above on the aforementioned cooling plate, and coolant piping is arranged 
along with the 1st linear array of the above for every phase. Thickness for the direct lower part 
of the linear array of the above 2nd for every phase in the aforementioned cooling plate is made 
thicker than other portions, and it is characterized by forming the slot which enlarges thermal 
resistance at the both sides of the heavy-gage portion concerned. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit block diagram showing the general SHEV structure of a system. 
[Drawing 2] The plan and cross section showing the structure of the gestalt of operation of the 
1 st of this invention. 

[Drawing 3] The graph which shows the piping property of the cooling water way and the cooling 
water way of the conventional example by the gestalt of the 1 st operation of the above. 
[Drawing 4] The plan and cross section showing the structure of the gestalt of operation of the 
2nd of this invention. 

[Drawing 5] The perspective diagram showing the structure of the conventional example. 
[Drawing 6] The plan showing the structure of the conventional example. 
[Description of Notations] 

21 Cooling Substrate 

22 Cooling Water Way 

23 Heavy-gage Part 

24 Slot 
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[0022] -flBttfcmffiffl^e— * i 4£g®)-rft-f> 

/<— * 1 6(DPWM^y7S»»l4»k Hz-10k 

4>fct^tta§r*&ftc:£6<£<. ccd£ ^^fcfi i g 
BTt F WD £<offeir>8©£*tft^;*](Ogte;*:£ < ^ 

[0023] jMtwettt*::. mx^z^tffitti* 

££<Dttft£*I&-rft. fliU** ICElUX$-h 

lt^e-^ i 4^^^ft^yrc^ffl-r^ii^6<cttrc 
ra^-f fto cot§^, s-r i 5, i etotti* 

£ttH«*£l*jEfi*tf::fcy. NV1 5TMi 

2j2£A< i ifi < icfc y % i g b t 

l. — £®i i n v i 6 -ci* i socfty* ^ 

r. ccoitda»fr*P£#iLft£. irattMHi nvi sr 

tt±IC I GBT$WtS«4<fcy, t-5>|lNV 
1 6^li±|CFWD^;^fi^I6^^ 0 
[OO 2 4] LfrLUtf*^ CCO<fc ?fcifi<03&f*l*S H 

i\ m^-it. icei i h$-t±<bfc*>fc^ta 

£1 &&Tr=Stt?ftC£tt&£-CfcftU ^-$14 
£3Sm*a<t Lrm*ft0«M*%,ig£<&fc?--*BsS£ttl 

(0025] C(D«):^d:SHEVvXfA(D^ll^ 

ftttttSaft^-frft C £ otWWlc^iPt ft c £ 
fr«fetj % l*?2M>Wt*S?0>«jU(t,Tjnax (ltd 
M*I8) £fi*fcl\fcol::M££a»nrftC£*< 
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[oo26] c<oiad % fi*Qft&&*<*tKtti::'hsi* 

S?rcoivci*£&rzMttrM?ft4>T?l*ft< % 3fr 

ZitzzLtiz&i)^ *<Dm*<Dm&vm?;faizi&m&z 
i±*)$&mmiz'?*i&&i\ -tttrc* or »«i&tts< 
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30 L. ££Mtf>:?4fc£orM*£ils&$-frft. 
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(2) ^rrcoixr. 35S^EIS^CD§l0l^^«)fc^*A< 
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*fafrt>}%iQ*&2 2^<Dm%L<Dmxtf±C* S:ttlUJt 
(c#*p*& 2 2 T*®&&£?7t>U & 4: < 

1&2 2T'<D&mmmz&tttz&#>te[tt$:z>?^ ®m$L 
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